Damoctocog alfa pegol: clinical considerations in haemophilia A {#FPar1}
===============================================================

IV PEGylated rFVIII designed to prolong FVIII activity; has a longer terminal half-life and greater exposure than non-PEGylated FVIII and rFVIII productsProphylaxis reduced spontaneous and joint ABRs in previously treated adults and adolescentsEffective in treating bleeding episodes and for perioperative managementGenerally well tolerated with no confirmed cases of anti-FVIII inhibitor development

Introduction {#Sec1}
============

Constituting 80--85% of the total haemophilia population, haemophilia A is an X-linked congenital bleeding disorder involving coagulation factor VIII (FVIII) deficiency \[[@CR1]\]. While individuals with mild (FVIII levels 5--40 IU/dL or 5 to \< 40% of normal) or moderate (1--5 IU/dL, 1--5% of normal) haemophilia mostly experience bleeds with trauma or surgery, those with severe haemophilia (\< 1 IU/dL, \< 1% of normal) are more likely to experience spontaneous bleeding without any identifiable haemostatic challenges, most commonly in the joints (approximate frequency 70--80%). Recurrent bleeding into the joints may result in irreversible haemophilic arthropathy, leading to chronic debilitating pain and subsequent disability \[[@CR1]\].

With bleed prevention therefore being an important objective in haemophilia care, prophylactic intravenous (IV) replacement therapy with recombinant or plasma-derived FVIII products is the current mainstay approach for managing haemophilia A \[[@CR2]\]. Prophylaxis can be optimized by tailoring the regimen to the individual, taking into account factors such as bleeding phenotype and pharmacokinetic profile \[[@CR3]\]. However, the short circulating plasma half-life (t~½~) of FVIII (12--14 h) \[[@CR4]\] often necessitates frequent dosing. Given that this affects treatment adherence due to reasons relating to convenience, cost or psychological impact (e.g. fear of needles) \[[@CR5]\], a too-frequent dosing schedule may become a significant barrier to haemophilia management \[[@CR3]\]. Another concern with FVIII replacement therapy is the potential for the development of neutralizing antibodies against the exogenous FVIII (i.e. inhibitors), which occurs in ≈ 30% of previously untreated patients with severe haemophilia A when treated with conventional FVIII \[[@CR6]\]. Associated with substantial morbidity, inhibitor development is the most serious complication in haemophilia therapy and may cause greater incidences of bleeding complications, increased disability, and reduced health-related quality of life (HR-QOL) \[[@CR7]\].

FVIII products are full-length or B-domain deleted (BDD) \[[@CR8]\], which improves FVIII secretion from the cell during the recombinant process \[[@CR9]\]. More recently developed recombinant FVIII (rFVIII) products (such as conjugating the FVIII to albumin or the human immunoglobulin Fc) have been designed to extend the t~½~ to allow less frequent dosing \[[@CR8]\]. Another approach is PEGylation, the attachment of a polyethylene-glycol (PEG) moiety to the FVIII molecule \[[@CR10]\], which protects FVIII from removal from the plasma (Sect. [2](#Sec2){ref-type="sec"}). Although non-specific PEGylation extends the t~½~ of FVIII, it may be at the cost of reduced activity, whereas strategic, site-specific PEGylation extends drug availability without compromising drug activity \[[@CR11]\]. Moreover, the controlled PEG:FVIII molar ratio with site-specific PEGylation allows control over the amount of administered PEG, reducing the risk of possible PEG-related adverse effects from substantial amounts of high molecular-weight PEG (e.g. cellular vacuolation, although this has not been associated with any adverse effects in clinical studies) \[[@CR12]\].

Damoctocog alfa pegol (Jivi^®^) is the first site-specifically PEGylated rFVIII product \[[@CR13]\] approved in the USA \[[@CR13]\], the EU \[[@CR14]\], Japan \[[@CR15]\] and Canada \[[@CR16]\] for the treatment and prophylaxis of previously treated patients aged ≥ 12 years with haemophilia A. This review discusses pharmacological, therapeutic efficacy and tolerability data relevant to the use of damoctocog alfa pegol in this setting.

Pharmacodynamic Properties of Damoctocog Alfa Pegol {#Sec2}
===================================================

Damoctocog alfa pegol is a BDD-rFVIII with a single, dual-branched 60 kDa PEG moiety linked to a cysteine amino acid (via a maleimide linker) in the rFVIII A3 domain \[[@CR17]\]. This site-specific PEGylation process extends the plasma t~½~ of the drug (Sect. [3](#Sec3){ref-type="sec"}) by reducing its binding affinity to FVIII clearance receptors \[[@CR17]\], such as low-density lipoprotein receptor-related protein-1 (LRP1), which binds in the A3 (as well as the A2 \[[@CR18]\] and C2 \[[@CR19]\]) domain of FVIII \[[@CR20]\]. Although the A3 domain may have a supporting role in the binding of FVIII with von Willebrand factor (VWF) \[[@CR21]\], which stabilizes FVIII in the plasma and protects it from proteolysis \[[@CR22]\], in vitro data demonstrated no significant differences in the maximum VWF binding capacity of damoctocog alfa pegol versus non-PEGylated BDD-FVIII or full-length rFVIII \[[@CR11]\]. The rate of VWF association was reduced ≥ 3.3-fold in damoctocog alfa pegol compared with non-PEGylated BDD-FVIII or full-length rFVIII; however, the VWF dissociation rate was not markedly altered \[[@CR11]\].

The PEG moiety of damoctocog alfa pegol does not impact its function \[[@CR11], [@CR17]\]. For instance, the drug can normalize activated partial thromboplastin time (aPTT; an in vitro indicator of FVIII activity) in haemophilia A patients (in whom aPTT is prolonged) to an extent similar to that seen with plasma-derived FVIII \[[@CR17]\]. Although this is yet to be studied in haemophilia A patients with FVIII inhibitors, preclinical studies have suggested that the PEG moiety in damoctocog alfa pegol attenuates FVIII inhibitor binding, therefore facilitating retention of the drug's haemostatic function \[[@CR11], [@CR23]\]. In assessed adults and adolescents from the phase II/III PROTECT VIII (*n* = 120) study \[[@CR26]\] (see Sect. [4](#Sec4){ref-type="sec"} for study details) and 52 children from another phase III study (PROTECT VIII Kids; *n* = 52), the amount of delivered PEG with damoctocog alfa pegol prophylaxis was very low, with almost all PEG measurements below the lower limit of quantitation (0.1 mg/L) \[[@CR24]\].

Pharmacokinetic Properties of Damoctocog Alfa Pegol {#Sec3}
===================================================

The pharmacokinetic parameters of IV damoctocog alfa pegol and sucrose-formulated rFVIII (rFVIII-FS) were assessed in a phase I crossover study in previously treated adults and adolescents with severe haemophilia A and no history of inhibitors (Table [1](#Tab1){ref-type="table"}) \[[@CR25]\]. The single-dose pharmacokinetic profile of damoctocog alfa pegol (25 or 60 IU/kg) showed that clearance was reduced 1.4-fold compared with that of sucrose-formulated rFVIII (rFVIII-FS) \[25 and 50 IU/kg\], in terms of the area under the FVIII activity--time curve (AUC), clearance and t~½~ (Table [1](#Tab1){ref-type="table"}) \[[@CR25]\]. Moreover, the t~½~ of damoctocog alfa pegol, when averaged across single and multiple doses of 25 and 60 IU/kg, was significantly (*p* \< 0.0001) longer than that of rFVIII-FS (18.7 vs. ≈ 13.0 h) \[[@CR25]\].Table 1Mean plasma pharmacokinetic parameters following a single intravenous dose of damoctocog alfa pegol or rFVIII-FS in previously treated patients aged ≥ 12 years with severe haemophilia A and no history of inhibitors (*n* = 14) \[[@CR25]\]TreatmentDose (IU/kg)t~½~ (h)AUC (IU·h/dL)C~max~ (IU/dL)V~ss~ (dL/kg)CL (dL/h/kg)Damoctocog alfa pegol2518.2157763.70.430.0166018.54329172.00.380.014rFVIII-FS2512.9110969.60.420.0235013.02502228.60.360.020FVIII activity measured using a chromogenic assay; all values are geometric means*AUC* area under the FVIII activity-time curve, *C*~*max*~ peak plasma concentration, *CL* clearance, *rFVIII-FS* sucrose-formulated recombinant factor VIII, *t*~*½*~ plasma half-life, *V*~*ss*~ volume of distribution at steady state

Damoctocog alfa pegol demonstrated dose-linear exposure in previously treated patients aged ≥ 12 years with severe haemophilia A in both the phase I study \[[@CR25]\] and the PROTECT VIII study \[[@CR26]\], based on the mean peak plasma concentration (C~max~) and AUC after single doses of 25 and 60 IU/kg \[[@CR17]\]. Other pharmacokinetic parameters, including recovery \[i.e. ratio between C~max~ (IU/dL) and administered dose (IU/kg); 2.13 and 2.53 IU/dL per IU/kg after single doses of damoctocog alfa pegol 25 and 60 IU/kg\] were comparable between the two doses \[[@CR17]\]. The pharmacokinetic parameters of damoctocog alfa pegol 25 or 60 IU/kg were shown to be mostly consistent after multiple doses (twice-weekly 25 IU/kg doses for 8 weeks \[[@CR25]\]; once-weekly 60 IU/kg doses for 9 weeks \[[@CR25]\] and 36 weeks \[[@CR27]\]) relative to those after a single dose. No clinically relevant differences in pharmacokinetic parameters were observed between adult and adolescent patients \[[@CR27]\], with a population pharmacokinetics model (*n* = 145) supporting these findings \[[@CR14]\].

Results from a population pharmacokinetics model based on data from participants in phase I, II and III studies (*n* = 198; aged 2--62 years) demonstrated the pharmacokinetics of damoctocog alfa pegol to be monophasic and adequately described by a one-compartment model \[[@CR28]\]. The pharmacokinetics of damoctocog alfa pegol were similar between Japanese patients (*n* = 6) and non-Japanese patients (*n* = 18) \[[@CR15]\].

Pharmacokinetic data in adult patients showed that VWF antigen levels had a significantly positive correlation with t~½~ and significantly negative correlation with clearance (both *p* \< 0.0001), indicating that damoctocog alfa pegol interacts with VWF to a similar degree to that of unmodified FVIII \[[@CR27]\].

Therapeutic Efficacy of Damoctocog Alfa Pegol {#Sec4}
=============================================

The efficacy of on-demand treatment and routine prophylaxis with IV damoctocog alfa pegol in previously treated patients with haemophilia A was evaluated in the 36-week, partially randomized, open-label, multinational, phase II/III PROTECT VIII trial (intent-to-treat population *n* = 132) \[[@CR26]\]. Eligible patients were males aged 12--65 years with severe haemophilia A (FVIII \< 1%) who had previously been treated with any FVIII product(s) for ≥ 150 exposure days. Patients with current evidence or a history of an inhibitor to FVIII (≥ 0.6 BU/mL), a diagnosis of any bleeding disorder aside from haemophilia A, a platelet count of \< 100,000/µL, creatinine levels \> 2 × the upper limit of normal (ULN), or aspartate aminotransferase (AST) or alanine aminotransferase (ALT) levels \> 5 × ULN were excluded from the study \[[@CR26]\].

Patients who were receiving on-demand treatment prior to the study were able to choose between on-demand treatment and prophylaxis, while all patients receiving prophylaxis at the time of study enrolment were allocated into the prophylactic arm (Fig. [1](#Fig1){ref-type="fig"}) \[[@CR26]\]. The prophylactic arm had a 10-week run-in period in which patients were treated with twice-weekly damoctocog alfa pegol 25 IU/kg. Afterwards, patients were allocated into different dosing groups for the main efficacy period of the study (i.e. weeks 11--36) depending on whether they had high bleeding tendencies \[defined by \> 1 breakthrough bleed (joint or muscle bleeds and no identified trauma)\] or good bleed control (≤ 1 breakthrough bleed). Patients with good bleed control were eligible to be randomized to receive damoctocog alfa pegol every 5 days (starting dose 45 IU/kg; increased to 60 IU/kg if their bleed control was inadequate) or 7 days (fixed dose 60 IU/kg); once the every-5-days and every-7-days treatment arms were full, 11 patients eligible for randomization were instead given twice-weekly damoctocog alfa pegol 30--40 IU/kg (henceforth referred to as the twice-weekly eligible but not randomized group). Those with high bleeding tendencies were not eligible for randomization and were administered twice-weekly damoctocog alfa pegol 30--40 IU/kg (henceforth referred to as the twice-weekly non-eligible for randomization group) \[Fig. [1](#Fig1){ref-type="fig"}\] \[[@CR26]\].Fig. 1Clinical study design of PROTECT VIII. Patients in the prophylaxis arm were allocated to different dosing groups according to the number of breakthrough bleeds experienced during the run-in period. *BTB* breakthrough bleed, *E5D* every 5 days, *E7D* every 7 days, *OD* on-demand treatment, *PPX* prophylaxis. Adapted from Reding et al. \[[@CR26]\] with permission

Treatment adjustments were recommended in the prophylaxis arms if patients experienced at least two joint and/or muscle breakthrough bleeds within any 10-week period \[[@CR26]\]. If patients in the every-5-days treatment group had inadequate bleed control after increasing their dose to 60 IU/kg, they were permitted a one-time change to twice-weekly dosing. Patients experiencing inadequate bleed control during every-7-days treatment were permitted to change to every-5-days or twice-weekly treatment \[[@CR26]\].

The primary efficacy endpoint was the annualized number of total bleeds \[assessed as annualized bleeding rate (ABR)\]; secondary endpoints included patient assessment of response (rated "excellent", "good", "moderate" or "poor"), and the number of infusions, in the treatment of bleeding episodes \[[@CR26]\].

An optional extension study assessing the long-term efficacy and safety of damoctocog alfa pegol in patients from the PROTECT VIII trial (*n* = 121) is currently ongoing (Sect. [4.1.1](#Sec6){ref-type="sec"}) \[[@CR29]\]. Prophylaxis patients could either continue their regimen from the main study or change to another prophylaxis regimen, and on-demand patients could continue on-demand treatment or switch to a prophylaxis regimen \[[@CR29]\].

The efficacy and safety of damoctocog alfa pegol as perioperative treatment were assessed in PROTECT VIII participants requiring surgery \[[@CR30]\]. The study was also open to patients not participating in PROTECT VIII but who required surgery and met the PROTECT VIII inclusion criteria (PROTECT VIII Part B; discussed in Sect. [4.3](#Sec8){ref-type="sec"}) \[[@CR31]\].

Routine Prophylaxis {#Sec5}
-------------------

Prophylaxis with damoctocog alfa pegol using any of the three dosing regimens was effective in reducing the likelihood of bleeding in previously treated patients with severe haemophilia A in PROTECT VIII. During the main efficacy period, the median total ABR was noticeably lower (≥ 5.9-fold) in the prophylaxis arms than in the on-demand treatment arm, with the median ABRs for spontaneous and joint bleeds supporting these findings (Table [2](#Tab2){ref-type="table"}) \[[@CR26]\]. Moreover, when the statistical estimate of effect was assessed post hoc, mean ABRs were significantly (*p* \< 0.0001) lower with each of the prophylactic regimens versus on-demand treatment (75--92% reduction) \[[@CR31]\]. In the same analysis, the ABRs from twice-weekly treatment did not significantly differ to those of the extended interval treatments \[[@CR31]\].Table 2Efficacy of damoctocog alfa pegol in the PROTECT VIII phase II/III study in previously treated male patients aged 12--65 years with severe haemophilia ATreatmentDosing intervalNo. of mITT ptsRun-in ABR^a^Median ABRAverage dose^b^(median)Total^c^JointSpontaneous(IU/kg per infusion)Main study^d^ \[[@CR26], [@CR29]\] On-demand2023.416.314.335.5 ProphylaxisTwice weekly, non-eligible for randomization1317.44.14.03.938.9Twice weekly, eligible but not randomized1101.91.9031.5Every 5 days4301.91.9045.3Every 7 days^e^4303.91.91.956.8Total prophylaxis1102.11.90Extension study^f^ \[[@CR29]\] On-demand1433.720.520.732.8 ProphylaxisTwice weekly231.80.80.836.7Every 5 days341.31.00.745.1Every 7 days230.70.3059.3Variable frequency^g^273.22.41.952.1Total prophylaxis1071.60.90.846.6*ABR* annualized bleeding rate, *mITT* modified intention-to-treat, *pts* patient^a^Weeks 1--10; fixed twice-weekly dose of 25 IU/kg per infusion^b^Mean dose reported in main phase of the main study; median dose reported in extension phase^c^Primary endpoint in main efficacy phase; weeks 0--36 in on-demand treatment arm, weeks 11--36 for prophylaxis arms^d^Some data for spontaneous and joint ABRs and average dose are reported from other sources \[[@CR13], [@CR17], [@CR31]\]^e^Includes data from pts that remained in (*n* = 32) and pts that left (*n* = 11) the treatment arm^f^Data assessed over median duration of 166 weeks in extension study (data cut-off August 2017)^g^Includes pts who switched dosing regimens during the extension phase

Throughout weeks 0--36, a median of 2.0 bleeds (range 0--17) was reported in the 110 patients in the entire prophylaxis arm versus 15.5 bleeds (range 5--59) in the 20 patients in the on-demand treatment arm \[[@CR13]\]. Among all prophylaxis recipients, 38% did not experience any bleeds during the main efficacy phase of the study, with the highest proportion of patients with zero bleeds (46%) seen in the twice-weekly eligible but not randomized group \[[@CR26]\]. All patients in the on-demand treatment arm experienced at least one bleeding episode \[[@CR17]\].

While all patients in the every-5-days treatment group maintained their dose frequency throughout the main efficacy period, 11 patients left the every-7-days treatment group for a higher frequency dosing group after a mean of 84 days (with eight patients moving to every-5-days treatment and three patients moving to twice-weekly treatment) \[[@CR26]\]. The median ABRs in these 11 patients were 16.9 and 4.7 before and after leaving the group; three (27%) experienced no bleeding episodes after switching to more frequent dosing. The median ABR in the 32 patients who continued every-7-days treatment was 0.96; 16 (50%) had no bleeding episodes. These findings, together with the fact that the median total ABR markedly improved in the twice-weekly non-eligible for randomization group in the main efficacy phase (average dose 38.9 IU/kg) versus the run-in phase (fixed dose 25 IU/kg) \[Table [2](#Tab2){ref-type="table"}\], further support the benefit of appropriately individualized damoctocog alfa pegol prophylaxis dosing in this setting \[[@CR26]\].

Post hoc subgroup analyses of the PROTECT VIII study supported the efficacy of adjusting damoctocog alfa pegol prophylaxis dosing depending on the bleeding phenotype of the patient, with the number of total bleeds in the last 12 months and the number of target joints at baseline identified as possible indicators of suitability for every-5-days or every-7-days dosing (abstracts) \[[@CR32]--[@CR34]\]. Among every-5-days recipients, those with zero bleeds during the trial had fewer bleeds in the 12 months prior to the study than those with an ABR ≥ 1 (median total bleeds 2 vs. 10), and fewer zero-bleed patients had target joints at baseline than ABR ≥ 1 patients (58 vs. 71% of patients) \[abstract data\] \[[@CR34]\]. Similarly, among patients receiving every-7-days treatment, those with zero bleeds during the trial had fewer total bleeds in the 12 months prior to the study (median 2 vs. 3.5) and fewer target joints at baseline (median 1 vs. 2) than those who switched to more frequent dosing groups \[[@CR33]\].

Prophylactic treatment with damoctocog alfa pegol improved HR-QOL in previously treated patients (abstract data) \[[@CR35]\]. At week 36, an improvement was seen in the assessed prophylaxis patients (*n* = 97) \[median total change in Haemo-QoL-A + 2.5 from baseline\], with the greatest improvements seen in patients with prior on-demand treatment who received every-7-days prophylaxis in the study (*n* = 5; change in median total score + 13.8). No improvements were observed in patients in the on-demand treatment arm \[[@CR35]\].

### Extension Phase {#Sec6}

Interim data (data cut-off August 2017) from 121 patients who entered the extension phase of the PROTECT VIII study indicated that bleed control was well maintained with prophylactic treatment with damoctocog alfa pegol for up to 5.2 years (abstract plus poster) \[[@CR29]\]. At the time of analysis, most patients (90.9%) accumulated at least 100 exposure days. Median ABRs remained generally consistent with those reported in the main phase in all treatment groups, with lower median total, spontaneous and joint ABRs maintained in all prophylaxis dosing groups relative to the on-demand group (median total ABR ≥ 10.5-fold lower) \[Table [2](#Tab2){ref-type="table"}\]. The median doses per infusion reported in the extension study were also comparable to the mean doses in the main study (Table [2](#Tab2){ref-type="table"}) \[[@CR29]\].

According to a post hoc analysis of earlier interim data (data cut-off February 2017), prophylaxis patients experienced a numerical decrease in median ABR from before the main phase of PROTECT VIII to the extension study (e.g. median ABR 3.5 before the main study, 2.1 during the main study, and 1.6 during the extension study in all 82 evaluable prophylaxis patients), despite some of the prophylaxis regimens having been taken more frequently (i.e. 3 or 4 times per week) \[abstract plus poster\] \[[@CR36]\].

More recent interim data (data cut-off January 2018) have indicated that the ABR and joint ABR in the last 12 months of the extension phase (overall median ABR and joint ABR 1.0 and \< 1.0 across prophylaxis groups) \[[@CR37]\] have remained consistent with those reported earlier (data cut-off August 2017; Table [2](#Tab2){ref-type="table"}). In addition, annual damoctocog alfa pegol consumption in prophylaxis patients was similar in the main and extension studies and across dosage groups (median FVIII consumption 3339--3946 IU/kg/year in the main study, 3120--3917 IU/kg/year in the extension study), indicating that low ABRs were maintained without requiring increased FVIII consumption \[[@CR37]\].

Treatment of Bleeding Episodes {#Sec7}
------------------------------

Bleeding episodes (388 and 317 total treated bleeds in the on-demand and prophylaxis groups) were generally well controlled with damoctocog alfa pegol \[[@CR17]\]. The majority of bleed treatments in the on-demand and prophylaxis groups (66 and 83%) were considered either "excellent" or "good"; across both groups, 3.3% of bleed treatments had "poor" responses. In most bleed cases, haemostasis was achieved with one infusion in the on-demand (80%) and prophylaxis (83%) groups; two infusions were required in 12 and 7% of bleed cases and at least three infusions were needed in 9 and 10% of bleed cases \[[@CR17]\]. The mean dose per infusion in bleed treatment was 33.7 (range 14--62) IU/kg and the mean length of time between the first and second infusion was 2.1 days \[[@CR26]\]. An interim analysis of the extension study indicated that most of the 514 and 428 total bleeds in the 14 and 107 on-demand treatment (514 bleeds in 14 patients) and prophylaxis (428 bleeds in 107 patients) groups were successfully treated with one or two infusions \[[@CR17]\].

Perioperative Management in Major Surgery {#Sec8}
-----------------------------------------

Interim data suggest that in patients with severe haemophilia A, damoctocog alfa pegol is effective in providing haemostatic control during major surgery. In total, 17 patients (aged 13--61 years) completed 20 major surgeries \[[@CR17]\], with a median surgical duration (range) of 102 (17--217) min (abstract data) \[[@CR30]\]. Of these, 15 were orthopaedic surgeries \[[@CR30]\]. On the day of surgery, the median damoctocog alfa pegol dose used was 72.4 IU/kg (median presurgical dose 52.1 IU/kg), with a median of two infusions (median time between presurgical and second infusions 12.3 h); 40% of surgeries required only one infusion (preoperative) on the day of surgery \[[@CR30]\]. In all 20 major surgeries, treatment with damoctocog alfa pegol provided "good" (65% of surgeries) or "excellent" (35%) haemostatic control \[[@CR30]\].

Tolerability of Damoctocog Alfa Pegol {#Sec9}
=====================================

Damoctocog alfa pegol was generally well tolerated in previously treated patients aged ≥ 12 years with severe haemophilia A in phase I (Sect. [3](#Sec3){ref-type="sec"}) \[[@CR25]\] and phase II/III (PROTECT VIII; Sect. [4](#Sec4){ref-type="sec"}) \[[@CR26]\] clinical trials. In a pooled analysis of the two studies (*n* = 148; median 131 exposure days), which excluded those who received damoctocog alfa pegol for perioperative management, the most common adverse events (AEs) were headache (14%), cough (7%), nausea (5%) and fever (5%) \[[@CR17]\].

In PROTECT VIII, patients accumulated a mean of 55 exposure days, with 69.4% of patients accumulating ≥ 50 exposure days \[[@CR26]\]. Treatment-related AEs (TRAEs) occurred in 12 patients (9%), and included dry mouth, hypersensitivity, pruritus (including vessel site pruritus), "fuzzy thinking", arthralgia, palpitations, overdose, increased transaminases, abdominal pain and dyspnea \[[@CR13]\]. Four serious AEs (SAEs) occurred in four patients in the on-demand group (ethanol intoxication, pneumonia, ankle sprain and acute pancreatitis) and 11 SAEs occurred in 10 patients in the prophylaxis group (including drug hypersensitivity, tendon rupture, bile duct stone, haemarthrosis, chest pain, gastroenteritis, injury, arthropathy and overdose), all of which were considered probably (in the case of hypersensitivity) or possibly related to study drug \[[@CR13]\]. Two patients withdrew from the study due to brief and self-limited systemic hypersensitivity reactions (after the first or fourth exposure) \[[@CR26]\].

When used in perioperative management in PROTECT VIII, four treatment-related SAEs \[non-cardiac chest pain (1 event), haemorrhage/haematoma (1 event) and anti-FVIII antibodies (2 events; see also Sect. [5.1](#Sec10){ref-type="sec"})\] were reported in 3 of the 16 evaluated patients (14 surgical and 2 non-surgical patients) \[[@CR13]\].

The tolerability profile of damoctocog alfa pegol was largely consistent for up to 5.2 years of treatment, according to findings from the PROTECT VIII extension phase, and no new safety issues were identified \[[@CR13], [@CR29], [@CR38]\]. Among the patients in the PROTECT VIII extension study (*n* = 121; median 223 exposure days), 90.9% of patients had ≥ 100 exposure days at the time of analysis (data cut-off August 2017) \[[@CR29]\].

Immunogenicity {#Sec10}
--------------

When immunogenicity was assessed in 159 previously treated adults and adolescents in the phase I and PROTECT VIII studies (median 131 exposure days), there were no new or confirmed cases of FVIII inhibitor development with damoctocog alfa pegol \[[@CR14]\], including in the PROTECT VIII extension phase \[[@CR38]\]. Two patients receiving damoctocog alfa pegol for perioperative management in the PROTECT VIII study tested positive for low titre anti-FVIII antibodies \[[@CR13]\]. In one patient, the positive anti-FVIII titre observed after surgery was unconfirmed and of low titre (1.7 BU/mL) \[[@CR17]\].

Five patients who tested negative for anti-PEG non-neutralizing antibodies (NNAs) at baseline tested positive during the main phase of the PROTECT VIII study \[[@CR26]\]. However, no AEs or any adverse effects relating to bleeding or dose were associated with these NNAs, and all patients tested negative at the final visit. An anti-PEG immunoglobulin M antibody was detected 4 days after the hypersensitivity reaction in one of the two patients who withdrew from the PROTECT VIII study (Sect. [5](#Sec9){ref-type="sec"}); however, it was low titre and was undetectable after a month \[[@CR26]\]. The anti-PEG antibodies detected in eight patients during the extension phase of the PROTECT VIII study were transient, low-titre, and not associated with any clinical events \[[@CR38]\].

Dosage and Administration of Damoctocog Alfa Pegol {#Sec11}
==================================================

Damoctocog alfa pegol is approved in the USA \[[@CR17]\], the EU \[[@CR14]\], Japan \[[@CR15]\] and Canada \[[@CR16]\] for the prophylaxis, perioperative management and on-demand treatment (and control \[[@CR17]\]) of bleeding in previously treated patients aged ≥ 12 years with haemophilia A. It is administered intravenously, with the dose injected over 1--15 min \[[@CR16], [@CR17]\] or 2--5 min \[[@CR14]\] at a rate no greater than 2.5 mL/min; the rate of administration depends on the response \[[@CR16], [@CR17]\] and comfort \[[@CR14]\] of the patient.

The goal of therapy in on-demand and perioperative bleeding management is to maintain a plasma FVIII at or above a certain level determined by the extent of bleeding or type of surgery, and the dosage and duration of treatment depend on the level of FVIII deficiency, the location and severity of bleeding, and the clinical condition of the patient \[[@CR14], [@CR15], [@CR17]\].

The recommended regimens for prophylaxis differ by region, with the regimen selected and/or adjusted on the basis of individual patient characteristics (in the EU \[[@CR14]\], Japan \[[@CR15]\] and Canada \[[@CR16]\]) and response to treatment (the USA \[[@CR17]\], EU \[[@CR14]\] and Canada \[[@CR16]\]). In the USA and Canada, the recommended initial dosage is 30--40 IU/kg twice weekly which, based on bleeding episodes, may be adjusted to 45--60 IU/kg every 5 days or further adjusted on an individual basis \[[@CR16], [@CR17]\]. The recommended regimen in the EU is 45--60 IU/kg once every 5 days, which may be adjusted to 60 IU/kg every 7 days or 30--40 IU/kg twice weekly depending on the clinical characteristics of the patient \[[@CR14]\]. The maximum dose per infusion for should not exceed ≈ 6000 IU \[[@CR17]\] (for prophylaxis in overweight patients in the EU \[[@CR14]\]). In Japan, the usual dose for routine prophylaxis is 30--40 IU/kg twice weekly, which may be adjusted to 45--60 IU/kg once every 5 days or 60 IU/kg once weekly depending on the patient's conditions \[[@CR15]\].

Local prescribing information should be consulted for detailed information including contraindications, precautions, drug interactions and use in special patient populations and FVIII monitoring recommendations.

Current Status of Damoctocog Alfa Pegol in Haemophilia A {#Sec12}
========================================================

The prevention and treatment of bleeding episodes, as well as maintaining haemostasis in surgical settings, is paramount in the management of haemophilia A \[[@CR1], [@CR39]\]. The primary strategy in the management of haemophilia A is regular IV replacement therapy (i.e. prophylaxis) with FVIII, which facilitates the maintenance of normal musculoskeletal function by minimizing joint bleeds and potential arthropathy \[[@CR1], [@CR39]\]. While much less common, bleeds outside of the musculoskeletal system, such as intracranial haemorrhages, can be managed by secondary prophylaxis \[[@CR1]\]. Many FVIII products have been developed and made available over time, with the abundance of choices complicating the process of selecting the appropriate product for a patient \[[@CR8]\].

Frequent administration is often inevitable with conventional FVIII products due to their short t~½~ and it is a known barrier to treatment adherence (Sect. [1](#Sec1){ref-type="sec"}). Products with extended t~½~ require less frequent administration and may thus be a prudent choice, particularly for patients with poor compliance \[[@CR8]\]. However, the potential benefits of FVIII products with longer t~½~ are not limited to the patient; caregiver burden has also been shown to be lessened with factor products with extended t~½~ compared with conventional products \[[@CR40]\]. Currently, the only other approved PEGylated FVIII products aside from damoctocog alfa pegol are rurioctocog alfa pegol \[[@CR41], [@CR42]\] and turoctocog alfa pegol \[[@CR43]\]; however, damoctocog alfa pegol is the only FVIII product that offers the option of once-weekly treatment. The site-specific PEGylation in damoctocog alfa pegol facilitates a longer t~½~ of the drug without compromising its activity, allowing less frequent administration (Sects. [3](#Sec3){ref-type="sec"} and [6](#Sec11){ref-type="sec"}).

In the PROTECT VIII study, damoctocog alfa pegol was effective in the prophylaxis and treatment of bleeding episodes, including for perioperative management, in previously treated adults and adolescents with severe haemophilia A (Sect. [4](#Sec4){ref-type="sec"}). Prophylaxis with damoctocog alfa pegol reduced the likelihood of bleeding at dosing intervals ranging from twice weekly to every 7 days, with interim extension phase data indicating that these benefits may be maintained for up to 5.2 years of treatment. Proportionally, bleeding episodes were more frequent in the on-demand treatment arm than in the prophylaxis arm (Sect. [4.1](#Sec5){ref-type="sec"}). Most bleeding episodes were well controlled (the majority with one infusion) \[Sect. [4.2](#Sec7){ref-type="sec"}\] and favourable haemostatic control was attained with damoctocog alfa pegol in all major surgeries (Sect. [4.3](#Sec8){ref-type="sec"}).

Damoctocog alfa pegol was generally well tolerated in adult and adolescent patients for up to 5.2 years of treatment (Sect. [5](#Sec9){ref-type="sec"}). TRAEs and SAEs were uncommon in the PROTECT VIII study, and the latest data from the extension phase showed that all but one of the reported TRAEs were mild or moderate in severity and all of the reported SAEs were resolved or recovering. Although two patients withdrew from the PROTECT VIII study due to hypersensitivity reactions, there were no confirmed cases of inhibitor development against damoctocog alfa pegol; anti-PEG antibody titres were low (where reported) and transient (Sect. [5.1](#Sec10){ref-type="sec"}), which is consistent with preclinical toxicology studies demonstrating the lack of toxicity of proteins with larger PEG moieties \[[@CR10]\].

Long-term data, including the completion of the PROTECT VIII extension phase, will be beneficial in determining the durability of the efficacy and safety of damoctocog alfa pegol. Although current studies have not reported PEG-related AEs with damoctocog alfa pegol, data relevant to the long-term safety of the larger PEG moiety would be valuable, with events such as cellular vacuolation linked with drugs with larger PEG in nonclinical studies \[[@CR12]\]. A recent analysis suggested that damoctocog alfa pegol had comparable efficacy to that of three other rFVIII products (efmoroctocog alfa, BAX 855 and rAHF-PFM), and the mean weekly drug consumption was significantly (vs. efmoroctocog alfa; *p* \< 0.001) or numerically lower (vs. BAX 855 and rAHF-PFM) with damoctocog alfa pegol (abstract data) \[[@CR44]\]. Moreover, AUC-related findings from a head-to-head study in patients with severe haemophilia A have suggested that damoctocog alfa may have an improved pharmacokinetic profile than rFVIIIFc \[[@CR45]\]. Further head-to-head trials are needed to more definitively position damoctocog alfa pegol among other available treatments for haemophilia A. Cost-effectiveness analyses are required to determine whether the extended t~½~ of damoctocog alfa pegol, and therefore the expected lower dose frequency, supports the cost of the product.

To conclude, damoctocog alfa pegol is effective in the prophylaxis and treatment of bleeding episodes (as well as in perioperative management) and is generally well tolerated in previously treated patients aged ≥ 12 years with haemophilia A. With its formulation facilitating a longer systemic presence, damoctocog alfa pegol addresses a well-known problem in FVIII replacement therapy without compromising therapeutic effect. While further evidence will help to more definitively establish the place of damoctocog alfa pegol in haemophilia A management, damoctocog alfa pegol extends the available treatment options in previously treated adults and adolescents with haemophilia A, offering the possibility of up to once-weekly dosing for suitable patients.

Data Selection Damoctocog alfa: 125 records identified {#FPar2}
------------------------------------------------------

Duplicates removed13Excluded during initial screening (e.g. press releases; news reports; not relevant drug/indication; preclinical study; reviews; case reports; not randomized trial)32Excluded during writing (e.g. reviews; duplicate data; small patient number; nonrandomized/phase I/II trials)35**Cited efficacy/tolerability articles**13**Cited articles not efficacy/tolerability**32Search Strategy: EMBASE, MEDLINE and PubMed from 1946 to present. Clinical trial registries/databases and websites were also searched for relevant data. Key words were damoctocog alfa, Jivi, BAY 94-9027, haemophilia A. Records were limited to those in English language. Searches last updated 6 June 2019
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